Polarized absorption spectra of sellaite from the Brumado mine, Brazil, were recorded in the region v = 1600-4000 cm-' (X = 6.25-2.50 ^m). Besides weak, non-pleochroic broad bands in the range of the H 2 0 bending and stretching vibrations -evidently caused by liquid inclusions -a sharp pleochroic band was observed at v = 3615 cm -1 . For this band the absorption is much stronger when the electric vector vibrates perpendicular to [001]; it is tentatively interpreted by a minor substitution of fluorine by hydroxyl groups.
Introduction
Although the average abundances of both calcium and magnesium in the magmatic rocks of the Earth's crust are in the range of 1-3 % by weight (cf. e.g. Wedepohl 1969 ), fluorite, CaF 2 c, is a fairly common mineral, whereas sellaite, MgF 2 1, is rather rare. For a number of earth scientists the difference in the solubilities in water at room temperature: CaF 2 ~ 16 mg/1, MgF 2~ 76 mg/1 (c/. »Handbook of Chemistry and Physics» 1979) does not seem to be sufficient reason for the large difference in the abundances of the two minerals in nature, and Sahama (1945) devoted an interesting publication to this problem.
Since then, several new occurrences of sellaite have been discovered in various geological environments (for compilations with references see Maus et al. 1979 and Cassedanne and Resende 1983) . It has been shown to occur in relatively large amounts but in inconspicuous development in some fluorite deposits, e.g. in Grube Clara near Oberwolfach, Black Forest, the German Federal Republic (Maus 1977 , Maus et al. 1979 , and in Fontsante mine, Massif du Tanneron, Departement Var, France (Bordet et al. 1964 , Solety 1965 , Remy et-al. 1974 , Wilson 1977 . All this has, however, not essentially changed the ratio of the abundances of the two minerals.
Excellent crystals of sellaite, some of gem quality, were recently found in the magnesite deposit of the Brumado mine, Bahia, Brazil (Cassedanne and Resende 1983) . In connection with earlier work on hydroxyl groups in the iso- 
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typic oxide minerals rutile, Ti0 2 1, and cassiterite, Sn0 2 t, by IR spectroscopy (Beran and Zemann 1971) , we decided to investigate sellaite from this locality for a possible OH content and thus to contribute to knowledge of this interesting mineral.
Experimental
Microscopic inspection and preliminary IR work showed that the loose crystal chips of sellaite from the Brumado mine, kindly put at our disposal by Professor Cassedanne, contained irregular fluid inclusions up to 0.1 mm in size. As no chemical analyses from this material seem to exist, we checked it for possible iron content by electron microprobe analysis; the result was < 0.05 % Fe by weight. By the same method a calcium content of < 0.01 % was obtained. Hydrogen determination by standard organic microchemical methods gave ~ 0.01 % H by weight for hand-picked material that was apparently free from inclusions.
The optical investigation was conducted in the region v = 1600-4000 cm-'(X = 6.25-2.50 /im) with a computer-controlled Perkin Elmer 580 B IR spectrophotometer, Interdata 6/16, equipped with a beam condensor 8x and a polarizer. The final measurements were done on a plate parallel to the [110] cleavage; the orientation was checked by X-ray precession photographs. The diameter of the circular measuring area was 2 mm. Great care was taken to use regions very poor in inclusions for the measurements.
Contrary to synthetic MgF 2 crystals supplied by Fa. Leitz (Wetzlar), Fa. Merck (Darmstadt) and AOL-Dr. Schuster (Vienna), thin plates of sellaite from the Brumado mine showed, in the investigated region of the spectrum, four absorption bands: two broad non-pleochroic bands at v = 1640 cm -1 and 3450 cm -1 (the last one extremely flat and broad), and two sharp pleochroic bands at v = 3615 cm -1 (relatively strong) 1 and at v = 2000 cm -1 (weak). For both pleochroic bands the absorption is stronger when the electric vector vibrates perpendicular to [001], i.e. for the ordinary ray (Fig. 1) .
To characterize the pleochroic behaviour better, polarized spectra were taken after repeated rotation of the polarizer by 10°. Figure 2 gives the extinction figures on (110) thus obtained.
The non-pleochroic bands completely disappeared after heating the plates to 400°C for four days; no other change was observed, and the material remained clear. The same applied to further heating at 500°C for the same period. Subsequent heating to 700° C for three days caused a reduction in the intensity of the band at v = 3615 cm -' by approximately one quarter and the appearance of a new non-pleochroic band at v = 3720 cm -1 . Finally, further heating to 1000°C, again for the same period, caused all the bands to disappear.
Discussion
Easiest to interpret are the two non-pleochroic absorption bands mentioned above. Their wavelengths, shapes and response to heating indicate strongly that they correspond to the stretching and bending vibrations of H 2 0 molecules (for the interpretation of the absorption bands, cf. e.g. Nakamoto 1978 , with many references) of the sparing liquid inclusions and possibly also from traces of water on subgrain boundaries 2 .
1 A powder IR absorption spectrum of »MgF 2 xH 2 0»
published by Nyquist and Kagel (1971) shows a rather sharp band at this wavelength as well as strong broad water bands. 2 The IR spectra of thick plates show further a weak but sharp non-pleochroic absorption band at v = 2340 cm -1 , probably attributable to the asymmetric C0 2 stretching vibration, and further three extremely weak but sharp bands at v = 2850, 2920 and 2960 cm-1 , possibly caused by CH stretching vibrations. There seems to be little doubt that all these weak bands are connected with fluid inclusions.
[001] were to stem from hydroxyl groups, one in 300 ±100 F~ ions would be replaced by 3 In this context it should be mentioned that on the basis of secondary ion mass spectroscopy, Buhl and Preisinger (1979) reported the occurrence of OH ions on and near the surface of artificial MgF 2 crystals. In our sellaite the bulk of the carriers of the absorption band with v = 3615 cm -1 is definitely not located at the surface of the plates because the intensity decreases with decreasing thickness of the plates.
OH . It should, however, be borne in mind that the material analysed also contained traces of liquid inclusions. From the IR spectrum we estimate that 10-30 % of the hydrogen content is in the liquid inclusions. A replacement of one OH group per five hundred F~ ions seems, therefore, to give the correct order of magnitude. This estimation is also in fair accordance with our internal calibration of OH contents from the intensity of the absorption band of the OH stretching vibration (Beran et al. 1981) which gives ~ 0.13 % by weight analytical H 2 0 for our analysed material.
In the crystal structure of sellaite (recent refinements including thermal vibrations and their discussion, and electron density: Baur 1976 , Vidal-Valat et al. 1979 , Pauling 1980 , VidalValat et al. 1980 , Vidal et al. 1981 ) the fluorine ions are strictly planarly surrounded by three magnesium ions at almost equal distances. The planes of each three of these magnesium ions always lie exactly parallel to (110) or to the crystallographically equivalent plane (110). As a consequence, substitution of F~ by OH will cause the OH dipoles to lie parallel to (001).
From general experience in solid state chemistry it is to be expected that this causes local distortion of the atomic arrangement, whereby the oxygens adopt a distorted tetrahedral coordination with respect to the H atom of the hydroxyl group and to three Mg 2+ ions (Fig. 3) .
Unfortunately, hydrothermal treatment with heavy water at temperatures up to 400°C did not cause the appearance of an absorption band at v -2700 cm^1 as would be expected if H were partly replaced by D in the hydroxyl groups. This is at variance with the behaviour of natural rutile and cassiterite (Beran and Zemann 1971 ; for OH in artificial rutile see von Hippel et al. 1961) . The attribution of the absorption band at v = 3615 cm -1 is, therefore, only tentative at present and needs confirmation by IR work on OD-doped artificial sellaite crystals. Further, the band under discussion here has a somewhat weaker pleochroism than the (proven) OH band in rutile. This can possibly be explained by the weaker Mg-O bonds as compared with the Ti-O bonds.
For their sellaite from Grube Clara, Maus et al. (1979) reported an analytical water content of ~ 3.0 % by weight, of which 90 % could be driven out in the heating interval from 600° to 800°C. For this part of the H 2 0, Maus et al. (I.e.) postulated »gebundenes Wasser» (bound water). They report that this result was confirmed by an IR analysis clearly proving the presence of hydroxyl (OH) groups. To check this result, we also took IR absorption spectra of the sellaite from Grube Clara kindly provided by Dr. Maus. Microscopic inspection had shown that the material was very rich in tiny fluid inclusions, and the absorption spectra showed two broad strong bands in the region of the bending and stretching vibrations of liquid water. No sharp OH band was detected.
The weak absorption band at v = 2000 cm -1 for sellaite from the Brumado mine shows an even stronger pleochroism than that at v = 3615 cm -1 (Fig. 2) . A convincing interpretation is not possible at present. The wavelength would be compatible with a very short hydrogen bridge, but the line width is small for such an inference. In summary we can say that besides absorption bands from liquid inclusions and possibly also from water on subgrain boundaries, a sharp pleochroic band at v = 3615 cm -1 was detected in the sellaite from the Brumado mine. It is tentatively attributed to the OH stretching vibration of a minor substitution of fluorine by hydroxyl groups in this mineral. The final proof will probably need work on OD -doped artificial crystals. Further experimental studies are also needed for a convincing inference of a weak pleochroic band at v = 2000 cm -1 .
